Background. Evidence-informed priority setting is vital to improved investment in public health interventions. This is particularly important as South Africa (SA) makes the shift to universal health coverage and institution of National Health Insurance. Objectives. To measure the financial impact of increasing the demand for modern contraceptive methods in the SA public health sector. We estimated the total cost of providing contraceptives, and specifically the budgetary impact of premature removals of long-acting reversible contraceptives. Methods. We created a deterministic model in Microsoft Excel to estimate the costs of contraception provision over a 5-year time horizon (2018 -2023) from a healthcare provider perspective. Only direct costs of service provision were considered, including drugs, supplies and personnel time. Costs were not discounted owing to the short time horizon. Scenario analyses were conducted to test uncertainty. Results. The base-case cost of current contraceptive use in 2018 was estimated to be ZAR1.64 billion (ZAR29 per capita). Injectable contraceptives accounted for ~47% of total costs. To meet the total demand for family planning, SA would have to spend ~30% more than the estimate for current contraceptive use. In the year 2023, the 'current use' of modern contraceptives would increase to ZAR2.2 billion, and fulfilling the total demand for family planning would require ZAR2.9 billion. The base-case cost of implantable contraceptives was estimated at ZAR54 million. Assuming a normal removal rate, the use of implants is projected to increase by 20% during the 5-year period between 2019 and 2023, with an estimated 46% increase in costs. The cost of early removal of Implanon NXT is estimated at ZAR75 million, with total contraception costs estimated at ZAR102 million in 2019, compared with ZAR56 million when a normal removal rate is applied. Conclusions. The costs of scaling up modern contraceptives in SA are substantial. Early and premature removals of implantable contraceptives are costly to the nation and must be minimised. The government should consider conducting appropriate health technology assessments to inform the introduction of new public health interventions as SA makes the shift to universal health coverage by means of National Health Insurance. Author contributions. LC, KM and AW conceptualised the analysis and designed the model, CKL, RR and IE suggested adjustments to the model, KM and AW collected the data, KH and LC conceptualised the basis of the manuscript, LC drafted the manuscript, and all authors read and revised the manuscript.
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Contraception is one of the most important tools for development in any country, as it has a profound impact on individual, family and societal wellbeing. [1] Increasing contraception can lead to a reduction in maternal and child mortality and HIV/AIDS. [2] It contributes to economic growth by increasing universal education, promotion of gender equality and environmental sustainability, and ultimately reduces poverty and hunger. [3, 4] Improving sexual and reproductive health therefore remains a key development goal for the South African (SA) government, which has committed to making modern contraceptives more accessible to women by 2020 [5] and ensuring universal access to sexual and reproductive healthcare by 2030. [6] In the SA public sector, contraceptives are provided without charge to women who need them. Nationally, contraceptive choice is enhanced by the availability of a wide range of options, which was boosted by the introduction of the subdermal implant (Implanon and Jadelle) in 2014. [7] The implant was introduced in an effort to increase access to long-acting reversible contraceptives (LARCs), which have been shown to be very effective family planning options, reducing the need for user adherence and relieving pressure on health facilities, as contacts with health workers are fewer. [8] However, there have been challenges with the roll-out of LARCs in SA. [9] Approximately 1% of sexually active women use intrauterine devices, and although the use of implants has increased to ~4% in recent years, there has been a sharp decline in their uptake. [10] Early and premature removals of implants are also on the increase, mainly as a result of intolerable side-effects. [9, 11, 12] With the SA government seeking to expand contraceptive coverage to all women in need, [5, 6] it is important that the economic and financial implications of scaling up family planning are fully understood. Previous estimates of the costs of scaling up family planning in SA have not taken into consideration the inherent system challenges that could ultimately make cost-effective interventions such as LARCs unaffordable. [13, 14] Objectives To measure the financial impact of increasing the demand for modern contraceptive methods in the SA public health sector over a 5-year time horizon. Focus was placed on the roll-out of the implant to show the financial impact of premature and early removals. To the best of our knowledge, such analyses were not done prior to the roll-out of any contraceptive methods in SA, and we aim to show the importance of financial considerations in the implementation of health interventions, particularly as the nation strives to attain universal health coverage.
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A deterministic model was developed in Excel 2013 (Microsoft, USA) to estimate the financial impact of contraceptive provision in the public sector, from a provider perspective. The analysis only considered modern contraceptive methods and was undertaken on the population of sexually active women aged 15 -49 years (we combined the proportions of currently married and sexually active unmarried women). Baseline data on family planning, including the contraceptive prevalence rate, unmet need for family planning, demand for family planning and modern contraceptive use, were obtained from the 2016 South Africa Demographic and Health Survey. [10] Population estimates were from the Statistics South Africa mid-year population projections. [15] Table 1 shows the parameters used in the analysis. We used a contraceptive prevalence rate (CPR) of 57% for all sexually active women. The Depo-Provera injectable was the most commonly used contraceptive (18%), and Jadelle was the least common at 0.4%. The unmet need for family planning was 18%. The combined demand for family planning, which is the sum of the unmet need and the CPR, was therefore 75%. In the analysis, the weighted total contraceptive use among married and unmarried sexually active women was used to estimate total costs.
With the population in the first year of analysis (2018) estimated at 12.3 million for the public sector, the total number of women using contraceptives was 7.1 million, and the number with an unmet need for family planning was 2.2 million.
The annual cost of providing each contraceptive method is shown in Table 2 . Included in the calculation were costs of drugs and supplies and personnel time. Drug costs were obtained from the National Department of Health Master Procurement Catalogue of February 2018. [17] Personnel costs were based on the SA public sector salary structure for medical personnel. [18] The assumptions on materials used and personnel time to administer each contraceptive method were based on similar analyses in the OneHealth tool [19] and WHO-CHOICE. [20] An average cost for provision of modern contraception was calculated by applying the weighted totals from Table 1 for each contraceptive method to the associated annual cost, giving a figure of ZAR228.35 ( Table 2 ). The total cost of current contraceptive use was calculated as the product of the number currently using contraceptives (Table 1 ) and the weighted total cost (ZAR228, Table 2 ). The cost of fulfilling the current need (met and unmet) for family planning was estimated by multiplying the average cost by the current demand for family planning.
The financial impact of LARCs considered the impact of implantable contraceptives (Jadelle and Implanon) under two scenarios: normal removal and premature removal. Normal removal means that Implanon is removed and replaced every 3 years and Jadelle every 5 years. Premature removal is when the implants are removed before the prescribed period. A conservative estimate of 
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50% [21] was applied for early removal, and costs were calculated for the combination of early removals and normal removals. The removal rate was assumed to be the same for Implanon and Jadelle. It was further assumed that a patient whose implant had been removed would transfer to another modern contraceptive method, so the average cost for all contraceptives was added to the average cost for Implanon and Jadelle, resulting in an average cost for early removal of ZAR314.85 and ZAR117.74, respectively. Contraceptive prevalence was assumed to increase at a rate of 0.03% per year. [10] An annual rate of 1.6% was used to project the growth in the population over time. [15] Costs were not discounted, given the short time horizon, and all base case costs are presented in 2018 prices. An annual inflation increment of 5% was assumed over the 3-year time horizon.
Results

Base-case costs of family planning
The total cost for all current contraceptive use in the public sector (for the year 2018) was estimated to be ZAR1.61 billion, a product of the average cost and the total number currently using contraceptives ( Table 3 ). The model projected that injectables, Depo-Provera (ZAR460 million) and Nur-Isterate (ZAR298 million) would be the most costly, together accounting for ~47% of total costs. Condoms would cost ZAR242 million, and the Jadelle implant would cost the least at ZAR3.5 million. If the total demand for family planning was met (not shown in Table 3 ), total annual costs would rise to ZAR2.1 billion (~30% of current use costs).
Future changes in demand and costs of family planning
From an estimated 12.3 million in 2018, the number of women aged 15 -49 years was projected to increase to 13.4 million in 2023 (Table 4 ). Of these women, 7.9 million would be using modern contraceptives, with the CPR estimated at 58.8%. Maintaining the demand for family planning at 75%, the total demand for family planning would be ~10.1 million in 2023. The total cost associated with contraceptive use in that year would be ZAR2.29 billion (met need), and the total cost of fulfilling the demand (met and unmet) for family planning would be ZAR2.93 billion.
The budget impact of LARCs
In the base-case scenario (2018), we estimated that 433 000 women were using Implanon and 48 000 were using Jadelle (not included in Table 4 ). The total demand for Implanon was estimated to be 567 000 and that for Jadelle 63 000. The projected total cost of 'current use' of Implanon was ZAR81.69 million and the total cost of fulfilling the demand for family planning was ZAR184.67 million. Jadelle was projected to have a much smaller impact owing to lower utilisation numbers and lower average cost; ZAR5.6 million for 'current use' and ZAR6.4 million for fulfilling the total demand.
Assuming that all LARCs were removed at a normal rate between 2019 and 2023, the number using implantable contraceptives is projected to increase by 20% (from 453 000 to 543 000 for Implanon and from 50 000 to 60 000 for Jadelle), while the total demand for all contraceptives would increase by about 7% (Table 5 ). At this usage rate, the total cost of providing the implants (both Implanon and Jadelle) is estimated to be ZAR59 million in 2019 and ZAR87 million in 2023 (a 46% increase). Table 6 shows the impact of early removals on the cost of Implanon. Assuming a 50% premature removal rate, the number of users decreases by 50%, e.g. in 2019 to 226 534 (from 453 069 as given in Table 5 ). The cost of early removal is estimated to be ZAR74.9 million in 2019. Added to the cost of normal removal, the total cost of Implanon in 2019 is ZAR102.9 million. This is 1.8 times more than the cost without premature removals estimated in Table 5 . 
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Similarly, the total cost for Jadelle when premature removals are taken into consideration almost triples, from ZAR3.8 million to ZAR10.2 million (Table 7) .
Discussion
This article considers the financial impact of scaling up modern contraceptives in SA. Owing to the challenges that SA has experienced with rolling out LARCs, [9, 11, 12] the current and future impact on the national budget of continued premature removals of implantable contraceptives was analysed.
The results show that the total spend on contraception in SA is substantial, with base-case costs of current contraceptive use in 2018 estimated to be ZAR1.64 billion. This is ~1% of the national health budget, and about ZAR29 per capita at current population estimates. Injectable contraceptives account for ~47% of the total costs. To meet the total demand for family planning, SA would have to spend ~30% more than the estimate for current contraceptive use. By the year 2023, the 'current use' of modern contraceptives would increase to ZAR2.2 billion, and fulfilling the total demand for family planning would require ZAR2.9 billion. 
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The use of implantable contraception is currently about 3%, [10] and the current spend is estimated at ZAR54 million (2018). Assuming a normal removal rate, the use of implants is projected to increase by 20% during the 5-year period between 2019 and 2023, with an estimated 46% increase in costs. Premature removals affect both the demand for and cost of contraception. The demand decreases, but the total cost increases. For example, the cost of early removal of Implanon is estimated at ZAR75 million, with total contraception costs estimated at ZAR102 million in 2019, compared with ZAR56 million when a normal removal rate is applied. Most studies that project the costs of family planning do not take into account the challenges of scaling up modern contraceptives. [13, 14, 22] The challenges are many, and include issues on both the demand and supply sides, such as concerns over side-effects, opposition from partners, inadequate logistics and insufficiently trained health workers. [23] [24] [25] The costs of addressing these challenges are likely to be substantial. In this current analysis, we only considered the cost of premature removals for implantable contraceptives. Other costs related to side-effects associated with this contraceptive method, [26] for example, are not taken into account. What we provide in this analysis is probably an underestimate of the full costs of contraceptive use.
The analysis in this article, however, is useful in that it provides costing and budgeting perspectives and makes the case for conducting assessments of new health technology interventions before they are introduced. [27] Appropriate economic evaluations should also probably include assessments of costs related to training, sensitisation and deployment. Technologies should also be targeted at population subgroups. In the case of implantable contraception, these devices should be provided to women who intend and are likely to use them for the entire prescribed period. While it is not easy to predict the biological and physiological reactions to contraception, users must be given full information on the possible consequences of the various contraceptive alternatives, to enable them to make better choices about family planning methods. These investments in sensitisation and education may initially be substantial, but they could be costsaving in the long term.
Contraception is widely accepted to be beneficial and to have a positive effect on economic development. However, family planning should not be provided 'at all costs' , and caution must be exercised when scaling up 'beneficial' interventions. In a country like SA, the opportunity cost of resource use is high, necessitating the need for evidence-based priority setting. Policymakers must move away from allocation of resources based on clinical effectiveness and safety alone. In this article, we show the importance of cost considerations in the planning process. While the analysis has its limitations, and even in instances where data challenges abound, useful and robust budget assessments can be provided to inform decision-making. More health systems research is need to establish the determinants of early contraceptive removal and its economic impact.
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